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This paper focuses on aspects of fracture mechanics of interface cracks in anisotropic 
bimaterials. In this case there is a coupling of all three crack-tip fracture modes in 
the natural interface-crack coordinate system, whereas in the isotropic case, mode 
3 is decoupled from modes 1 and 2. This paper intends to shed light on how to 
interpret the crack-tip fields which are given explicitly along the interface in terms 
of two (real 3x3) bimaterial matrices W and D. A matric function Y is defined 
in terms of W and D which determines the coupling and oscillations in the crack-
tip fields. Explicit expressions for the crack-tip fields and the associated stress 
intensity factors are given as well as for the energy release rate. The finite (Griffith) 
interface crack is considered in detail. 
1 Introduction 
This paper focuses on fracture mechanics aspects of interface 
cracks in anisotropic bimaterials which involves an algebraic 
complexity that is absent in the isotropic case. As a result, 
complete analyses of the stress fields have not been carried out 
in the most general cases of bimaterial anisotropy. This work 
intends to shed light on how to interpret the near-tip displace-
ment and stress fields, which are shown to have a remarkably 
simple structure with similarities to the isotropic case. The 
problem of a finite (Griffith) crack along the interface between 
two semi-infinite solids is completely solved as an illustrative 
example. It is found that two (real 3 x 3 ) bimaterial matrices, 
W and D, play a fundamental role in the solution and com-
pletely incorporate the influence of material properties on the 
interface stresses. Explicit expressions are given for the crack-
opening displacements and the tractions along the interface, 
where the components of each are represented in the natural 
interface-crack coordinate system. Definitions of stress inten-
sity factors as well as the energy release rate also are given 
explicitly in terms of the loading and the bimaterial constants. 
Two-dimensional problems, i.e., w,-(*i, X2), i = 1, 2, 3, for 
cracks along an interface between two different isotropic elastic 
solids have been studied by many investigators (see, e.g., 
Hutchinson, et al., 1987; Rice, 1988; Suo and Hutchinson, 
1988). The elasticity solutions that require both displacement 
and traction continuity across the bonded interface but neglect 
contact of the crack faces display (as they do in the anisotropic 
case) singular crack-tip stresses that oscillate and crack faces 
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that overlap. In the isotropic case, there is a coupling between 
mode 1 and 2 deformations while mode 3 is decoupled. Three 
stress intensity factors provide proper characterizing param-
eters for the near-tip state when the crack-tip contact zone is 
much smaller than the crack length. In this case the energy 
release rate is a valid parameter to predict the stability of the 
crack in the sense of the Griffith-Irwin fracture criterion. 
Finite cracks along the interface between anisotropic plates 
appear first to have been studied by Gotoh (1967). The gen-
eralized plane-strain problem of a crack on the interface be-
tween two generally anisotropic solids has been considered by 
Clements (1971), Willis (1971), Ting (1986), Qu and Bassani 
(1989), Suo (19909), Li and Qu (1990a), and Ni and Nemat-
Nasser (1990). A special case of the Griffith problem is solved 
explicitly by Bassani and Qu (1989), while Suo (1990) and Li ' 
and Qu (1990a) have obtained the solution to the general prob-
lem. 
In Section 2 of this paper, general integral representations 
for displacement and stress fields in anisotropic elasticity de-
rived by Qu and Bassani (1989) are used to formulate the 
Griffith crack problem in terms of a Cauchy singular integral 
equation for the unknown dislocation density. One of the 
advantages of this formulation is that once the dislocation 
density is determined, the complete displacement and stress 
fields can be represented in terms of the dislocation density. 
Another advantage of this formulation is that it can be easily 
extended to finite geometries, for example, to an interface 
crack in a bimaterial strip. The solution to the Cauchy singular 
integral equation that governs the dislocation density is given 
in Section 3. Then, the fields along the interface are given 
explicitly in Section 4 where it is seen that a matrix function 
Y, whose dependence is given explicitly in terms of D~W, 
completely specifies the interface tractions while Y and DY 
completely specify the crack-opening displacement. Stress in-
tensity factors and energy release rate are defined in Section 
5. A general discussion of the oscillatory nature of the crack-
tip fields and crack-face contact, specimen size effects, inter-
facial toughness, and the dependence on material properties 
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is presented in the last section. Finally, issues concerning su-
perposition giving rise to equivalent crack-tip fields for loading 
at infinity and loading along the crack surface are discussed 
in Appendix A. 
2 Formulation 
The Material Eigenvalue Problem. Consider a generalized 
two-dimensional deformation of an anisotropic solid in which 
the three components of displacement depend only on in-plane 
coordinates, i.e., u-, = U/(xi, x2), i = 1, 2, 3, and e33 = 0. 
With the stress-strain relations expressed as 07,- = CijM eki, the 
general representations of the displacement and stress fields 
are given by Qu and Bassani (1989, Eqs. ((2.22)-(2.23)). They 
show that these two-dimensional anisotropic solutions to the 
Navier equations depend on the elastic constants Cijki through 
three complex 3 x 3 matrices P, A, and B, where 
P = diag[p1,p2,/?3], A=[a1 ,a2 ,a3], (la,b) 
B = R rA + TAP= - ( Q A + RAP)P ', (2a,b) 
Q=(Q/* ) = (C„*,), 
R = (Rik)= (Cnki), 
T=(Tik) = (Ci2k2), (3a A c ) 
where in (la, b), p„ and a„ are the eigenvalues and the eigen-
vectors of the following nonlinear eigenvalue problem 
[Q+P„(R + R r ) + ^ T ] a „ = 0, « = l , 3 (4) 
with the restriction that Im [p„} > 0. Given that C,yW is positive 
definite with the usual symmetries, Q and T are symmetric and 
positive definite while R is not; these three matrices have been 
introduced by Ting (1986). 
Integral Relations for Infinite Bimaterials. Consider an 
elastic bimaterial of infinite extent. Let x,, i = 1, 3 be the 
Cartesian interfacial coordinates where the interface lies in the 
x2 = 0 plane. The elastic constants of the inhomogeneous 
composite solid are represented as 
+ /B2 $F2(-$,x2)f2(-$)exp(/fx,)d{, (lb) 
Ciikl — Ukl- ) n(2) 
C)jki, x2 > 0, 
Cfili, x2<0. 
(5) 
General integral representations for the displacements and 
stresses in the infinite bimaterial that vanish at infinity follow 
from the formal solutions for two-dimensional anisotropic 
elasticity derived by Bassani and Qu (1989, Eqs. (2.7)-(2.8)) 
u,(xi ,x2)=Ai \ G,(£,x2)gi(£)exp(-j'fcxi)d£ 
+ A! ( G|(-$,x2)gi(-f)exp(i$x,)d$, (6a) 
F2({,*2)f2($)exp(-i$xi)rf{ 
0 
+ A2 ( F 2 ( - J , x 2 ) f 2 ( - ? ) e x p ( / ^ 1 ) ^ , (6b) 
Ti(xl,x2)=-iBl I ?Gi(|,jr2)gi(f)exp(-/^i)rf| 
Jo 






Ta(x1,x2) = { ^ r
, , a i r , a l 3
a , j / , a = l , 2 (8) 
F, (£ ,x2) = diag {exp( - ir)\
2)x2), exp( - ;'r)2
2)x2), exp( - i^x2)}, 
Gi(£,x2) = diag fexp( - i^x2), 




r\h ' = V-Mt > < 0 . " = 1.2,3; a =1,2. (9c) 
In (9c), the p„'s are the eigenvalues of (4), and in (6) and 
(7)> h(£) and gi(£) are unknown vectors to be determined by 
the boundary conditions of a given problem. In Eqs. (6)-(9), 
the tensor quantities with subscript 1 and 2 correspond to 
material 1 (upper half-space) and material 2 (lower half-space), 
respectively, while for components, the materials are distin-
guished by superscripts in parentheses. 
For the problems considered in this paper, tractions must 
be continuous everywhere along the interface x2 = 0 (including 
identical traction distributions along the two crack faces). Note 
that along the interface (x2 = 0), F2 = G[ = I in (9a, b), 
where I is the 3 x 3 identity matrix. Thus, continuity of traction 
across the interface, with (7a, b), implies 
{
GO „CO 
*git t )exp(- /£*,)<#-B, $gi(-e)exp(/f*,)de 
0 Jo 
= B2 ( to«)exp(-i$Xi)dx-B2 [ *f2(-$)exp(i&ci)d$. 
(10) 
It is easily seen that (10) is satisfied if 
B,g,(?) = B2f2a), (11) 
with 
f2«) = r 2 ( - * ) , g i t t ) = I i ( - f ) . (12a,b) 
Finally, the jump in displacement along x2 = 0 is defined 
as 
A(x 1)=u 1(x, ,0)-u 2(x 1 ,0) . (13) 
From (6) and the traction continuity conditions (11) and (12) 
it follows that 
A(x,) = - (W - /D)B2 [ f2(£)exp(- ifcc,)d£ 
- ( W + (D)B2 [ I2($)exp(/$*,)]«?{, (14) 
where 
W = -Re(A,Bf 1 -A 2 B 2 -




are referred to as interfacial matrices. As noted by Qu and 
Bassani (1989), W is real and antisymmetric, D is real, sym-
metric and positive definite, while W + /D is nonsingular. 
They are related to the complex interfacial matrix H = D -
/' W introduced by Suo (1990). Explicit expressions for W and 
D are given at the end of Section 4 for bimaterials composed 
of orthotropic constituents. 
Griffith Interface Crack. Now, consider a Griffith crack 
of length 2a along the interface with the crack fronts parallel 
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Fig. 1 Two-dimensional configuration for interface crack 
to the x3-axis as depicted in Fig. 1. Through linear superpo-
sition, the solution to the Griffith traction-free crack problem 
corresponding to loading at infinity can be obtained from 
solutions to two problems, one for an uncracked body and the 
other for loading along the crack faces by self-equilibrated 
tractions. However, even in the case of uniform tractions at 
infinity, e.g., a"u 022, CT23» this superposition is simple (in the 
sense that these same tractions are applied along the crack 
faces in the latter problem) only if certain combinations of 
ffn. o£, and on are also applied (Bassani and Qu, 1990). These 
latter stress components are discontinuous across the interface. 
Formulas for the combinations of tractions that must be ap-
plied for the superposition to be simple are given in Appendix 
A. In the remainder of this paper, explicit results (e.g., stress 
intensity factors) given for the Griffith problem correspond to 
tractions applied along the crack surfaces. 
Let the load vector on the upper surface of the crack be 
t(X]) and that on the lower surface of the crack be - t (x , ) . 
The boundary conditions for the Griffith crack of length 2a 
are 
u1(x1,0~) = u2(x1,0
+), \xi\>a, (16) 
Tl{x1,0-) = T2(xl,0
+)=-t(xl), \Xl\<a. (17) 
Dual Integral Equations. With the tractions t (xx) applied 
along the crack faces according to (17), substitution of (lb) 
or (7a) with (11), (12) into (17) gives 
«2 [ $f2(£)exp(-/£*,)</$ 
-<B2 [ ^M)exp(i^xl)d^ = t(xl),\xi]<a. (18) 
Along -a < X\ < a, A(xi) is the nonzero crack-opening 
displacement. For displacement continuity along the bonded 
interface, \x\\ > a, A(xt) = 0, so that from (14) 
f2tt)exp(-!•$*,)<# 
0 
+ (W + iD)B2 \ f2«)exp(i?x1)d? = 0, lx,l>a. (19) 
Cauchy Integral Equation. Equations (18) and (19) are a 
pair of vector dual integral equations for the unknown vector 
f2(£) which can be transformed into the following single Cauchy 
singular integral equation (see Appendix B) 
UWD-'f (* , ) - - ( ~^-d^ = t(Xl), lx,l<«, (20) it J_0 S-Xi 
with the auxiliary condition 
( f <€)</* = 0, (21) 
J-a 
which ensures the single-valued displacements. In (20) 
U = (D + WD-'W)^1, (22) 
and the unknown dislocation density vector f(£) is given by 
f ( * i ) = - T - A ( x , ) = - — [ u , ( x , , 0 + ) - u 2 ( x , , 0 )], (23) dx\ dx\ 
which is related to f2 through 
f i t t ^ -Gn- f r 'Bz - ' ua - iWD- 1 ) ( f(t)exp(iHt)dt. 
•* -a 
(24fl) 
where I is the identity matrix. It then follows from (11) that 
g2(?)=-(27r?)-
1Bf1U(I-/WD-1) [ f(t)exp(mdt. 
(246) 
The dislocation density f(£) is determined from the solution 
to the integral equation (20), and then the unknown functions 
f2 and gi in the general integral representations (6)-(7) are 
calculated from (24a, b). The crack opening displacement A 
is calculated from (23), and the full stress field is obtained by 
substituting (24a, b) into the general expressions (la, b) 








Here and in the sequel, angle brackets denote a 3 X 3 diagonal 
matrix, e.g., 
(h(z„))=diag[h(zi), h(z2), h(z?,)]. 
Note that f is real so that the traction vector on the interface 
is obtained from (25) 
1 f Uf(£) 
T(X1) = T1(X„0) = T 2 ( X 1 , 0 ) = — - r - ^ d f (26) 
7T J_„ £ - X l 
Equation (20) is for a Griffith interface crack in an infinite 
bimaterial. For interface crack(s) in a finite bimaterial, the 
governing Cauchy singular integral equation will have a Fred-
holm term. Therefore, the dominate part of the solution which 
governs the crack-tip fields will remain the same. 
3 Solutions to the Cauchy Integral Equation 
The Cauchy integral Eq. (20) has been solved by Li and Qu 
(1990a). Below we only give a brief derivation of the solution. 
The integral Eq. (20) is cast as a Hilbert problem by introducing 
a sectionally analytical function 
*(z)=— -—d$, 
2TU .Lfl k~z 
where z = X\ + ix2. It then follows from the Plemelj formulas 
that 
iri .L0 £ -X i 
* + ( x , ) - # _ ( x , ) = f U i ) , (28B,6) 
where the conventional notations of Muskhelishvili (1953) have 
been employed for the boundary values of *. The Hilbert 
problem associated with the Cauchy singular integral equation 
is obtained by substituting (28) into (20) 
E*+(x1) + E*_(xi) = rt(xi), -a<x<a, (29) 
where 
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E = U + /UWD- 1 = (D + W D - ' w r 1 ( I + /WD- 1) . (30) 
It can be shown (Li and Qu, 1990a) that E is a positive definite 
Hermitian matrix and E ~ ' = D - / W = H, where H is the 
complex interfacial matrix used by Suo (1990). 
The solution to the inhomogeneous Hilbert problem (29) is 




* X W L ![x; 1a)E-'t(?)] / (?-z))^> (31) 
X(z)=VA(z) (z 2 
A(z)=diag z^a 
z + a 
-a2yy\ 
z_-a 
z + a 
= (l/2ir)ln 111 
1-/3 




From (34a), j8 = tanh (ire). In (32), V = (vb v2, v3) where v„ 
are the eigenvectors of the following eigenvalue problem: 
[Eexp(2/V5„) + E]v„ = 0, n= 1,2,3, (35a) 
where 
5, = 1/2 +(6, 82=l/2-ie, S3= 1/2. (35£>) 
It is easy to see from (35a,b) that vt = v2 and v3 is real. Since 
E is positive definite, the eigenvectors v„ in (35) can be nor-
malized such that 
V rEV = I + (3I1, (36) 
where I is the 3 x 3 identity matrix and Ii = diag [1, —1,0]. 
It is seen that the solution (31)-(34) is oscillatory unless 6 
= 0, which corresponds to /3 = 0. It has been shown by Qu 
and Bassani (1989) that (3 = 0 if and only if W = 0. 
Finally, the dislocation density f(xi), which is nonzero in 
l*i I < a, is obtained by substituting (31) into (28/?) 
f ( x , ) = - D E X + ( x 1 ) 
•K 
([x;1(eE"'t(?)]/(? 
-xi)}d^ + m(xi). (37) 
It can be shown by direct integration that the dislocation den-
sity f (X\) given by (37) indeed satisfies the auxiliary condition 
(21). From (24a, b), respectively, the functions f2 and gi are 
calculated in terms of f and then the displacement and stresses 
are calculated throughout the body from (6) and (7), respec-
tively. 
Yhi]Y[ij2]=Y[ij11j2] = Yh2]Y[,1], (42a) 
and, since Y[l] = I, 
Y-'[i,] = Y[l/i,]. ' (42d) 
It has been shown by Li and Qu (1990a) that Y[TJ] can be 
written explicitly in terms of W and D as 
Y[,] = I - ^ D ' ' W + ^ ( D ^ W ) \ (43) 
where I is the identity matrix. Properties of the matrix function 
Y[r/] are elaborated on below.Here we note that Y[T;] is real 
and dimensionless if 77 is dimensionless and that as /3 — 0, 
D" 'W//3 is bounded. Furthermore, from (43) DYfo] = Y^pjflD. 
Dislocation Density and Crack-Opening Displace-
ment. Substitution of (30), (32)-(34) into (37) with (40) and 
(41) leads to 
7 l + 2 f e \ / g - { \ f e " 
\coshiceJ \a + i) 
f ( ? ) = - a ( « 2 - ? 2 ) " 1 / 2 D Y q«) + W/(£). 
(44) 
The crack-opening displacement is obtained from (23) with 
(44) 
A ( x , ) = - [ ' f ( £ ) < # = ( Ut)dt,\xx\<a. (45) 
When the applied load is uniform, e.g., t(£) = t0, the crack-
opening displacement can be obtained explicitly from (8) by 
direct integration 
DY (—— ] /coshTre) t0, \x\\<a. A(x , )=(a
2 - xW/2 
(46) 
From (39) and from (44) and (45) (or more simply from (46) 
when t = t0) it can be seen with the help of (40) and (43) that 
(i) for a general D 'W, all three components of T and A along 
the interface are oscillatory and coupled to each component 
oft, and (ii) whenever the components (D " 'W)3,- and (D ~' W),-3, 
i = 1,3, vanish then the components a32 and A3 are nonos-
cillatory and are decoupled from t\ and t2- In any case, the 
oscillations die out for \X]\ » a. For isotropic bimaterials, 
the antiplane components are not oscillatory. 
4 Fields Along the Interface 
Tractions. The traction T (X\) on the interface is now read-
ily obtained from (26) and (27), 
T ( X 1 ) = - 2 / U * ( X I ) , \xi\>a. (38) 
Substituting of (30), (32)-(34) into (31) and the result into (38) 
yields the traction on the interface for X\ > a 
T(Xi)=a(x2i -a2V (1+2/e) X\-a 
xi + a 
q ( j f i ) , (39) 
where the generalized load vector is 
(a + Z 








In (39)-(40) Y[ ] is a (real) 3 x 3 matrix function defined by 
(41) Y(r,) = (V r)-1diag[r,,^, l ]V r 
where V is the matrix whose columns are the eigenvectors v„ 
in (35a) that are normalized in (36). Obviously, from (41) 
The Matrix Function Y. The matrix Y defined in (41) is 
fundamental in representing the fields along the interface in-
duced by the traction t on the crack surfaces. This function is 
uniquely represented in terms of the real bimaterial matrices 
W and D by (43). Through this representation we are able to 
write down the crack fields along the interface in the natural 
interface-crack coordinate system. Recall that the components 
of T are a3/ and the components of A are jumps in «,, / = 1, 
3. This is in contrast to the solution of Suo (1990) which is 
given in a coordinate system whose base vectors are the ei-
genvectors of the eigenvalue problem (35a). In general, to 
determine these base vectors the eigenvalue problem (35a) must 
be solved numerically. Furthermore, explicit expressions for 
the stress intensity factors, energy release rate and crack-open-
ing displacement can be given in terms of Y as noted below. 
Note from (43) that Y[r/] = I if the crack-tip fields are 
nonoscillatory (W = 0). When W ^ 0, the arguments for Y 
are in the form r; = c(l ±2/e)£'6 (in the expressions for interface 
tractions (39), load vector (43), crack-opening displacement 
(46)-(47), and stress intensity factors given below), where c 
and I are real and depend on material properties only through 
e. In this case it is straightforward to show that 
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Y[c(1 ± 2 / 6 ) n = I - ^ [sin(elne ±2ecos(elnO]D "'W 
P 
V[1" • cos(elnB ±2esin(eln^)](D- 'W)
2. (47) 
Clearly, the matrix product D_1W is crucial in representing 
Y. It can be shown that D *W is nondimensional. 
For an orthotropic bimaterial aligned with the interface-
crack coordinate system (e.g., a 0/90 deg laminate where the 
fibers are parallel to the crack front in one material and per-
pendicular in the other), the eigenvector v3 in (35) is in the x3 
direction and W and D can be given explicitly (Li and Qu, 
1990b) as 
W = ( s i - s 2 ) 
0 - 1 0 
1 0 0 
0 0 0 
D = 
A i 0 0 
0 D22 0 





D22 = SlPl/y[+S2P2/ri2, 
Dx = [C$C<ihU2+lC%CW2- (48c) 
In (48c, b) the constants sa, r/a and pa(a = 1,2) are positive 
and related to the elastic constants of the bimaterial by 
s„=[C[? + (Cjf'Ci?')1"]-1, (49a) 
Vc = 
C# )[(C}? )C£ )) , /2- C}?»] 
C|2
a)[2C^» + Cjf > + (C^C^)1/2] 
(49b) 
P«=lC{?)/C£)]l/2, (49c) 
where C;™' are the components of the 6 x 6 matrix represen-
tation of the elastic moduli for material a - 1,2. With W 
and D given by (48a, b), it is easy to compute D_1W for 
orthotropic bimaterials 












i' = (si - s2) /[s\p 1 /i\ 1+s2p2/m\. 
/?" = (st -s1)/[sl/i)i+Si/r)2\. 
(51a) 
(5\b) 
In this case of orthotropy, T3 and A3 are nonoscillatory and 
are zero if g3 is zero, while in general TU T2, A1( and A2 are 
oscillatory, where the oscillation parameter e in (34) is deter-
mined from |8 = (J3' j3")1/2. From (48) there is oscillation (i.e., 
W = 0 and /3 = e = 0) if s, = s2. 
Special cases, such as cubic and transversely isotropic bi-
materials, can be easily obtained from (48)-(51) by specifying 
a particular relationship among the elastic constants. For ex-
ample, pa = 1 for cubic materials, in which case j3' = /3". 
For isotropic bimaterials,/?' = @" = j3, the Dundurs constant 
and Y is orthogonal. In general, Y is not an orthogonal matrix. 
5 Fracture Parameters 
The singular stress distribution along the interface near xx 
= a is readily obtained by letting X\ — a+ in (39) 
T(X) = (a/2x) 1/2Y[(1 + lie) (x/2a)k]qa, (52) 
where x = X\ - a > 0 is the distance from the tip along the 
interface and, from (40), the generalized load vector 
(53a) 
When t(£) = t0, which corresponds to constant tractions along 
the crack faces, the integral in (53a) can be evaluated to give 
qa = q(a)=t0 . (53b) 
The structure of the near-tip stresses (interface tractions) is 
now clear and, in terms of these stresses, the three fracture 
modes can be explicitly identified. Form (52) with (43), the 
three modes are coupled unless D~ 'w is diagonal which is the 
case iff W = 0 (Qu and Bassani, 1989). In the orthotropic 
case (50) or the isotropic case with /3 ^ 0, modes 1 and 2 are 
coupled while mode 3 is decoupled from the other two. The 
coupling of modes can also be seen in terms of the crack-tip 
opening displacement as noted below. 
For general loading, the integration in (45) can be carried 
out explicitly for 0 < a - x{ « a to give the crack-tip opening 
displacement (CTOD) near X\ = a 
A( -x) «[2a( -x)]1/2DY[( -*/2ff)'7cosh(ire)]gfl, (54) 
where -x = a - X\. Note that it is possible that even in the 
absence of coupling of the crack-tip stressing modes, i.e., even 
when D_1W is diagonal (W = 0), that the opening modes can 
be coupled if D is not diagonal (Bassani and Qu, 1989). The 
existence of such a case is not known to the authors. 
Stress Intensity Factors. From (52) with (42), the crack-
tip stress intensity factors are defined as the amplitude of the 






where #1, K2, and K3 are the stress intensity factors corre-
sponding to crack-tip interface stresses a22, <r2u and a2i, re-
spectively. With (43), (55a) can be expressed as 
k = VTO (I - (3 "' [2ecos(eln2a) - sin(dn2a) D "' W] 
+ /T2[1 -cos(eln2a) -2esin(eln2a)] (D"'W)2])ga. (55b) 
As noted above, in general, only in the case of isotropic bi-
materials is the Y-matrix orthogonal in which case k is simply 
a rotation of Viraqa. 
In terms of k, the singular part of the interface stress (trac-
tion) given in (52) can be expressed as 
T( j f )=Y(* f c ) - JL=, (56a) 
or, with (47), 
T(X) = 
l _ s i n ( ! h H ) D _ l w + 1 - cos(elnx) (D_1W)2 
(56b) 
It should be noted that these stress intensity factors, which 
give the amplitude of the singular crack-tip stress fields, do 
not give the ratio of traction components at any point along 
the interface since Y is not a diagonal matrix when e ^ 0. 
Nevertheless, these ratios can be directly computed from (56a) 
with (55) given the applied load ga. Therefore, when W # 0 
care must be taken when associating the stress intensity factors 
with modes 1, 2, or 3 since in this case the local modes do not 
correspond to either the local stress ratios along the interface 
(which continuous vary) or the far-field modes of loading. 
The crack-tip opening displacement (CTOD) can also be 
expressed in terms of the stress intensity factors from (54) with 
(42) 
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A ( - x ) = D Y (-xf k-j2x/ir. (56c) 
(l+2/e)cosh(7re) 
In summary, when W j± 0 so that the crack-tip stressing 
modes and the CTOD are coupled, oscillations of each of the 
stress and CTOD components are not in phase. The ratios of 
traction components within the singular field are not constant 
along the interface (see (56Z?)) nor are the CTOD components 
(see (56c)) and, therefore, are not simply given in terms of 
ratios of the stress intensity factors. Nevertheless, the latter 
uniquely characterize the singular stress field and the CTOD, 
while their values depends on the units of measure whenever 
i8 ^ 0 (e ^ 0) due to the terms involving ln(2a) in (55c). Only 
in cases when the material pair degenerates so that W = 0 (/3 
= 0 and e = 0) does k have proper units and reduce to the 
classical definition of stress intensity factors. Even when W 
^ 0, stress intensity factors with proper units can be defined 
by introducing an arbitrary length scale as Shih and Asaro 
(1988) suggested. 
For orthotropic bimaterials, D _ 1W is given in (50) with (49) 
and (51). In this case, with uniform tractions along the crack 
faces, i.e., q„ = t0 = (toU to2, to3) = 
intensity factors are 
(021, 022. "23) , the stress 
Jf, = V w [ c ' r „ 2 + ( r 7 / 3 ' ) c " y , 
K2 = ^a[c'tol+U3'/p")c"to2], 
K3 = ^Jirato3, 
where /3' and /3" are given in (51) and 
c ' = cos[dn(2a)] + 2esin[eln(2a)], 






and e is given in (34). Once again we note that in this orthotropic 
case that modes 1 and 2 are coupled while mode 3 is decoupled. 
It is straightforward to show from (57) that for the isotroic 
case 
Ki + iK2 = V^cosh(Tre)(Ar, + ik2 )=K (58) 
where kx and k2 are the stress intensity factors introduced by 
Rice and Sih (1965) and A'is the complex stress intensity factor 
introduced by Hutchinson et al. (1987). 
Another definition of the stress intensity factors for the case 
of general bimaterial anisotropy has been introduced by Suo 
(1990) (also see Willis, 1971) which agree uniquely with those 
given above when W ^ 0 only if each material is isotropic 
(they can be chosen to agree in the orthotropic case discussed 
above or, of course, in the degenerate case when W = 0, in 
which case Y = I and /3 = 0 = e). The stress intensity factors 
defined in (55) are based on the physical components of the 
traction vector, i.e., o2x, a22, and <J23 along the interface which 
are associated with the in-plane shear, tensile and antiplane 
shear interface fracture modes. Suo's definition is based on 
components of the traction vector in a coordinate system whose 
base vectors are the orthogonal eigenvectors v„, n = 1, 3 in 
(35) (which Suo, 1990, labels w, w, and w3). The reason for 
this choice is mathematical convenience in the sense that the 
component of the interface traction in the direction of the third 
vector v3 (or w3) is nonoscillatory. Nevertheless, These vectors, 
which generally do not lie normal to or in the interface (crack) 
plane, are only known through the solution of the eigen prob-
lem (35). (In the isotropic case, v3 lies along the crack front 
and the in-plane interface crack fields are decoupled from the 
nonoscillatory antiplane field.) 
In contrast, with the particular choice of the stress intensity 
factors k = (K2, K\, K3) given in (55), there is no need to 
solve the eigenvalue problem (35) to determine the crack-tip 
interface stresses <J2I> ^22. and a23 and the CTOD's A2, A1; and 
A3. Furthermore, these stress intensity factors are related ex-
plicitly to the applied tractions t through qa in (53). Given t 
and the bimaterial matrices W and D then k, T, and A are given 
explicitly in (52)-(56). The matrix function Y, which is given 
explicitly in (43) in terms of D _ 1 W, plays, an important role 
in determining the solution along the interface. 
Stress intensity factors of the classical type, i.e, having di-
mensions of stress times square root of length, also can be 
defined, for example as 
k« = Y[J?'£]k= -^Y[(R/2a)k(l + 2/e)]q„, (59) 
where R is a characteristic length parameter. As suggested by 
Rice (1988) for the isotropic case, kR defined by (59) should 
be referred to as the classical stress intensity factors based on 
the characteristic length R. One natural choice for R is, of 
course,the crack length (Li and Qu, 1990a; also see Shih and 
Asaro (1988) for the isotropic case). For R = 2a, for the 
Griffith crack one has from (59) with (43) 
k^ = V™Y[l+2/e]q f l=Vrfl I - ^ D " W qa. (60) 
For any R, in terms of kR, from (56a) with (59) the singular 
stress field is given by 
T(x)=Y[(x/R)k] k* (61) 
From the expression for Y given in (47), (61) can be written 
alternatively as 
+ l-cos[eln(*//?)] ( D _ , w ) 2 k« 
(62) 
It is seen from (61)-(62) that the stress intensity vector kR 
defined by (59) does have the dimension of stress times square 
root of length. The disadvantage of this definition is that kR 
alone can not uniquely specify the singular field, the length 
parameter R is also required. Again, for isotropic bimaterials, 
when R is taken to be the crack length, 
kR = ypKa 
1 -2e 0 
-2e 1 0 
0 0 1 
t„. (63) 
These are the stress intensity factors introduced by Shih and 
Asaro (1988). 
Energy Release Rate. Now assume that under load the 
crack tip at X\ = a advances along the interface to X\ = a + 
5a. The energy release rate per unit thickness (the decrease of 
the strain energy associated with the vanishes of tractions on 





' -0 J„ 
Li  Tr(x)Au(x-5a)dx. (65) 
Substituting (52) and (54) into (65) and carrying out the in-
tegration, we obtain an expression for G that is quadratic in 
the generalized load q„ given in (53) 
l+4e 2" G = f qjDY 
cosh ire 
which can be further simplified using (43) with j3 
and the fact that W is antisymmetric, 
o = ™ [qJDq* -g'(Wqa)
TD^(WSa)], 
where 
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Note that the second quadratic term on the right-hand side of 
(61a) vanishes in the case of no oscillations, i.e., W = 0, or 
when W ^ 0 and Wq„ = 0, otherwise it is positive, since D 
is positive definite and (one can show that) 0 < g' < 1. This 
has the following implication. Qu and Bassani (1989) have 
shown that /3 = 0 iff W = 0, i.e., the singular field is non-
oscillatory iff W = 0. Thus, if the /3 effect is neglected, as 
suggested by Hutchinson et al. (1987), then the energy release 
rate computed generally will be greater than the actual value 
given in (61a). This holds for both isotropic and anisotropic 
bimaterials. 
Using (55a) /3 = tanh(ire), and the two relations noted in 
Section 4, namely Y~'[tj] = Y[1/TJ] from (426) and DY[rj] = 
Yr[7)]D, the energy release rate (66) is expressed in terms of 
the stress intensity factors as 
G = ̂ k rU"1k = -k^U-1k^. (68) 
4 4 
where U - 1 = D + WD 'W as given in (22). Again, we note 
that the energy release rate given by Suo (1990) in terms of 
the stress intensity factors (and essentially that given by Willis, 
1971) explicitly involves the eigenvectors v„ of (35). On the 
other hand, the definition of the stress intensity factors intro-
duced in (55) or (59) leads to the simple expression of the 
energy release rate G given in (68). Thus, the eigenvalue prob-
lem (35) is circumvented, and the expression for G only involves 
the stress intensity factors and bimaterial matrices W and D. 
6 Other Issues of Interfacial Fracture Mechanics 
Oscillatory Fields and Small-Scale Contact. It is seen clearly 
from (566) and (56c) with (47) that the singular stress and 
strain fields and the crack-tip opening displacement are oscil-
latory if /3 T* 0 (e ?* 0). In each case, the Y matrix modulates 
the usual xw{n variation of these crack-tip fields. From the 
expression for the interface traction given in (62) with (43), 
we note that: (i) the modulation is slow and nearly linear in 
regions where \e\n(x/R)\ < ir/2, (ii) the third term in Y 
involving (D~'W)2 is negligible compared to the other two if 
\e\n(x/R) I is sufficiently small, and (hi) Y = I if \e\n(x/R) I 
« 1. Within the crack-tip asymptotic field but outside of the 
region of oscillations, i.e.,the range of x satisfying (iii), from 
(56a) T(X) ~ k/\f2TVC and from (56c) A( -x) - Dk^2x/ir. 
That is, in this range of x the interface tractions are parallel 
to k while the CTOD is parallel to Dk. Recall, for the ortho-
tropic bimaterial considered at the end of Section 4, where the 
principal axes of orthotropy are aligned with the interface-
crack coordinate system, that D is a diagonal matrix (including 
the isotropic case where Dn = D^i) while in the general an-
isotropic case D is not diagonal (but is symmetric and positive 
definite). This fact has implications regarding mixed-mode 
interfacial toughness which is discussed as follows. 
Oscillations in the crack-tip displacements imply that A2 can 
be negative, which is physically implausible and leads to the 
expectation that the crack faces are in contact near the tip (see, 
e.g., Comninou, 1977; Aravas and Sharma, 1990; Ni and Ne-
mat-Nasser, 1990). The classical boundary value problems with 
prescribed crack-face tractions (such as those posed in this 
paper; see, e.g., (17)) do not account for the possibility of 
crack face contact in the sense that the resulting crack face 
tractions depend on the solution in the contact region. Fol-
lowing Rice (1988) and Anderson (1989), the size of the contact 
zone can be estimated from the expressions for the crack-tip 
opening displacement given above. For example, from the 
general expressions (45) with (44), or from the expression for 
uniform applied tractions (46), or from the asymptotic expres-
sions (54) or (56c), the contact zone size is estimated as the 
maximum value of x (the distance from the crack tip) in the 
range 0 < x < a for which A2 = 0. So long as this contact 
zone size is significantly less than characteristic specimen di-
mensions, such as crack length, then the solutions derived in 
this paper are physically relevant in small-scale yielding. This 
requirement will generally be met if there is a significant tensile 
component (t2) of the applied traction; it will not when the 
loading is dominated by shear. 
Recently, based on complete analyses of several specimen 
geometries for isotropic bimaterials, Hutchinson and his col-
leagues (see, e.g., Hutchinson, 1989; Suo and Hutchinson, 
1988) proposed to systematically take p" = 0 (e = 0), both in 
the determination of critical toughness data and in the use of 
this data to predict fracture. This notion of ignoring /3 grew 
from the fact that for many bimaterial combinations of interest 
/3 is very small (Suga et al., 1988) and that the dependence of 
the stress intensity factors on /3 is weak for the geometries that 
have beeh analyzed. The conditions under which this propo-
sition is valid require further investigation. Recall, from (67), 
that neglecting /3, with everything else the same, tends to ov-
erestimate the energy release rate. 
In general anisotropic case, both far-field in-plane and an-
tiplane shear lead to nonzero A2 in contrast to the isotropic 
case or when v3 in (35) is in the x} direction in which cases 
antiplane shear modes are decoupled from the other two. When 
e = 0 03 = 0) in (56) or (61), one eliminates the oscillations 
and, consequently, the near-tip stress intensity vector is in 
phase with the interfacial traction, i.e., T and k (or k^) are in 
the same direction. The mode coupling, nevertheless, still exists 
through (55) or (59) in the sense that normal loading will induce 
shear traction on the interface. 
Size Effects. To consider the coupled effects of specimen 
size and load phase, for simplicity, let t = t0. Then it follows 
from (55) that 
k = V^Y[(l+2/e)(2a)^'£)]t0. (69) 
Suppose one wishes to duplicate the near-tip state on another 
test specimen with a crack of length 2a' under loading t„'. To 
do so, the load tj must be adjusted such that k' = k, since 
the near-tip stress field is uniquely specified by k. This implies, 
by using (42) that t,' must be related to t0 through 
t^= (a/a')[/2Yl(a'/a)k}t0. (70) 
Obviously, when e = 0, one need only to rescale the mag-
nitude of t0 to obtain tj. No phase change is needed. However, 
when e ^ 0, not only the magnitude t0 has to be changed, but 
also its phase angle, as has been pointed out by Rice (1988) 
for the isotropic case. For isotropic bimaterials, Y is an or-
thogonal matrix. Therefore, the phase change is independent 
of t0, i.e., once the crack length ratio a'/a is given, the change 
in phase angle is a constant. For anisotropic bimaterials, the 
matter becomes more complicated since Y, in general, is not 
an orthogonal matrix. Thus, for a given crack length ratio a'/ 
a, the change in phase angle depends on t0 as well. Furthermore, 
the change in magnitude in not simply proportional to (a/ 
a')W2. 
Interfacial Toughness. For isotropic bimaterials, the in-
plane and antiplane deformations are decoupled. Under the 
in-plane deformation, toughness is defined by the critical value 
of the energy release rate, Gc, as a function of V (Hutchinson, 
1990), where ^ is the phase angle corresponding to the ratio 
of the in-plane shear and tensile crack-tip modes. The Gc-^ 
curve gives the in-plane toughness locus. For three simulta-
neous modes another angle must be introduced. In this case 
one might choose ¥ and another angle * to be the Euler angles 
in k space such that 
k= (K2,KltK3) = llkll(sin*cos*,sin*shvI',cos*)
7', (71) 
with 0 < $ < 7r and 0 < ^ < 2ir. (Jensen et al. (1990), in 
defining ^ and * for isotropic bimaterials, include a factor 
428/Vol . 60, JUNE 1993 Transactions of the ASME 
Downloaded From: https://appliedmechanics.asmedigitalcollection.asme.org on 06/29/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use
multiplying K3 in (71), which depends on material properties 
through the ratio of the coefficient of K\ to the coefficient of 
(K\ + K2) in the expression for G and is on the order of unity. 
Analogous factors can be introduced in the anisotropic case 
but will not be elaborated on here.) Crack-tip mode mixity is 
uniquely specified once the values of ^ and * are given so that 
critical values of G can be expressed as a function of ^ and 
*, i.e., 
GC=GC(*,*) . (72) 
In general (see Hutchinson,- 1990), the interfacial toughness 
increases as the shear components of the mode mixity increase. 
For example, for in-plane loading of isotropic bimaterials, Gc 
tends to increase as 1^1 increases. Presumably, in most cases 
this is due to a resistance to relative sliding of the crack surfaces 
when there is some contact of those surfaces. 
For anisotropic bimaterials, all three fracture modes are 
coupled so that one must expect, in general, that the variation 
of interfacial toughness with mode mixity is a function of two 
parameters. The question arises as to how best define mode 
mixity. One possibility is given above in (71). Alternatively, if 
the resistance to relative sliding of the crack surfaces is most 
directly responsible for variations in Gc with mode mixity then 
it may be best to define the mode mixity angles in terms of 
the CTOD direction. Of course, near the crack tip where A 
oscillates the direction also oscillates while, as noted above, 
for \e\n(x/R)\ « 1 where Y = I, A( -x ) ^ DkVIxAr". 
Therefore, for the purpose of unifying variations in Gc for 
different bimaterial systems, mode mixity might best be defined 
in terms of the direction of A as 
Dk= HDklKsin^cos^.sin^sin^-.cos*)7". (73) 
Whether classification of mode mixity in terms of these Euler 
angles or those defined in terms of k in (71) or some other 
choice is most appropriate requires experimental investigation 
and is outside the scope of this paper. Nevertheless, there is 
intuitive appeal to the choice (73) based upon the effects of 
relative sliding of the crack surfaces without significant open-
ing on interfacial toughness. Finally, we also note that in the 
isotropic case (73) is consistent with the definition for ^ and 
* adopted by Jensen et al. (1990). 
Material Dependence. It was shown by Dundurs (1969) 
that the two-dimensional stress field in an isotropic bimaterial 
composite depends on the material constants through only two 
nondimensional parameters, namely a and (3, if only traction 
boundary conditions are given. Recently, Hutchinson and his 
colleagues demonstrated that for some interface crack prob-
lems the effect of (3 is negligible. The parameter a is more 
important. Naturally, one would ask if there are counterparts 
of a and /? in anisotropic bimaterial. 
By analogy, it is easy to see that the 0 defined in (346) is 
the anisotropic version of Dundurs' j3 since it enters the solution 
in the same manner with respect to oscillations and it reduces 
to the same value when the bimaterial is composed of isotropic 
solids. However, to find the anisotropic counterpart of Dun-
durs a is not easy because, as observed by Hutchinson, a does 
not enter the interface traction solution for an interface crack 
in an infinite isotropic bimaterial. 
First of all, one has to realize that the reduction of material 
dependence for isotropic bimaterial is valid only for plane 
deformation, i.e., plane strain or plane stress. However, as 
discussed in the Introduction, plane-strain and plane-stress 
deformations are well defined if and only if the bimaterial has 
a plane of symmetry, i.e., monoclinic bimaterial. Therefore, 
identifying the anisotropic counterpart of a is meaningful if 
and only if the bimaterial is monoclinic. If the plane of sym-
metry is taken to be the Xi-x2 plane, then the in-plane and 
antiplane deformations are decouple in the crack-interface co-
ordinate system (Qu and Basani, 1989). In this case, again by 
analogy with the isotropic solutions for displacement and en-
ergy release rate, one may define C\ and c2 (see Rice, 1988) 
such that 
Cl + c2 = Dn+D22 (74) 
where Dn and D22 are the diagonal element of D. The aniso-
tropic a is defined by 
1 - a c2 
It can be shown that the anisotropic a defined by (74) reduces 
to Dundurs' a for isotropic materials. 
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A P P E N D I X A 
The problem addressed below relates to superposition of 
solutions for an uncracked body loaded externally and a cracked 
body loaded along the crack surface. Superposition of these 
two solutions to obtain the solution for a cracked body loaded 
externally is practical when the external loads are simple (e.g., 
uniform tractions) and the corresponding loads along the crack 
surface are simple (e.g., the same uniform tractions). To ad-
dress this problem, consider an uncracked block of bimaterial 
loaded by piecewise uniform tractions. A Cartesian coordinate 
is introduced such that the interface is the xrx} plane as shown 
in Fig. 2. The loadings on the bimaterial block can be classified 
into two categories: those which would be tractions if applied 
along the interface, i.e., hi, t22, and t2i, and those which cannot 
be interface tractions, i.e., t\°{\ $? , and 4f, a = 1, 2, as shown 
in Fig. 2. Hill (1972) refers to the former as exterior components 
of stress (aE) and the latter as interior components of stress 
(ad- In fracture mechanics, with a crack aligned parallel to the 
interface the latter are sometimes (at least in the case of ho-
mogeneous bodies) referred to as " T " stresses (Rice, 1988). 
Below we determine the conditions on the interior components 
such that the tractions along the interface are identically the 
uniform exterior parts. 
For a piecewise uniform stress (or strain) field throughout 
the bimaterial (possibly with a discontinuity of the first kind), 





















where <rE and o\ are, respectively, the exterior and interior parts 
of the stress tensor (see Bassani and Qu, 1990) and a = 1, 2 
denotes the two materials. Clearly, the piecewise uniform stress 
field given by (Al) satisfies equilibrium everywhere and trac-
tion continuity across the interface. Bassani and Qu (1990) 
have shown that the continuity of the displacements further 
requires that the stress fields given by (Al) should also satisfy 
s°). t(i) - S
(2,-t(2) = t2lm21 + t22m22 + ?23m23, (A2) 
where 
S ( a ) = 














where M ;,H is the elastic compliance tensor. Since M/yW is sym-
metric and positive definite, S (n) is also symmetric and positive 
definite. Thus, in general, when m,y ^ 0, for a given surface 
loading t2u t22, and t-a, a piecewise uniform field in the rec-
tangular bimaterial results only if discontinuous t 
o - _ = ( t 2 1 , t 2 2 , t 2 3 ) 
* E 
Fig. 2 Exterior (aE) and interior (a,) parts of the load on a bimaterial 
block defined with respect to the interface 
solution with no additional t (n ) needed. We may call bima-
terials of this kind consonant in tension (after Dundurs (1969) 
in the two-dimensional isotropic case). Similarly, bimaterials 
that satisfy m12 = 0 or m32 = 0 may be called consonant in 
in-plane and antiplane shear, respectively. 
Equation (A2) is simplified in the two-dimensional defor-
mation considered in this paper, i.e., the displacements are 
functions of X\ and x2 only. In this case, e33 = 0 and (A2)' 
reduces to 
S(1>.t(1)-S(2).t(2, = /21m21 -W22m22 + ?23rh23, (A6) 
where 
§<"> = 
t ( n ) = 
'13 
mih 
l i / / - i i ' j 
2M%-2M%j 
In the case of isotropic materials, 
(A3) M (n) 
1 
1122 - -




For normal loading /22 only, (A6) then reduces to 
* V = : 
Ei VI 
t?? + 
vi Ei vi(l + c2) 
v\ 1 •A 
hi, 
which agrees with Rice and Sih (1965). 
A P P E N D I X B 




; l \"\ t$ and „» . 
are also applied. The jump in t ( n ) across the interface is I %-lsm(£t)sm{%x)d£=-ln\(x+t)(x-t)\, (B2) 
• r m i n f H \n\r / 'A') '* f^rn=» octn n h i / n v c f h n n u p f»itVif»r t*- * nr t*- ' Jn ^ 
An) 
'13 
determined by (A2). One can always choose either iw or t 
e.g., equal to zero, and then determine the other from (A2). 
However, for example, if from (A2) and (A5) m22 = 0, then, 
a uniform normal loading hi leads to a piecewise uniform n 
cos(£0sin(£x)e?£ = - H(x-1), (B3) 
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r 's in(^)cos(^)^ = - H(x-1), 
J0 2 








Thus, for Ixl < a, (B7) gives 
A(x)=f Ut)dt, 
J - / 7 
(B9) 
Note that (Li and Qu, 1981a) 
( D T / W ) ( U - / U W D " ' ) = L 
(B5) which proves (2-3), whereas, for \x\ > a, (B7) becomes 
A(J )=0 , (BIO) 
(B6) which implies that the displacement continuity condition (16) 
is automatically satisfied by (B5). In deriving (B7)-(B10), the 
Therefore, substitute (B5) into (17) and make use of (B3)-(B4), auxiliary condition (21) has been used. 
we have Next,substitute(B5)intothetractionexpression(19). Again, 
by splitting f into its symmetric and antisymmetric parts and 
. " " H < 
a, the Cauchy integral Eq. (20). 
flO po i 
Mx) = fs(t)H(x-t)dt- fa(t)H(t-x)dt, (B7) making use of the integral (B1)-(B3), we arrive at, for \x\ 
J0 J0 n_ thp a i i r v in te r l R n . C V 
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DATE: 19-23 June 1994 LOCATION: Lake Tahoc, NV ABST: 16 July 1993 
TITLE: ASME Fluids Engineering Division Summer Meeting; Numerical Methods for Non-Newtonian Fluid 
Dynamics 
INFO: Submit five copies of 500-word abstract to G. C. Vradis, Dept of Mech. & Industrial Eng„ Polytech. 
Univ., 6 Metro Tech. Plaza, Brooklyn, NY 11201. Five copies of complete paper are due OCL 15, 
TEL: (516) 755-43B8 FAX: (516) 755-4404 
DATE: 19-23 June 1994 LOCATION: Lake Tahoe, NV ABST: 16 July 1993 
TITLE: ASME Fluids Engineering Division Summer Meeting; Turbulence Control 
INFO: Submit five copies of 500-word abstract to D. E. Pavekh, McDonnell Douglas Aerospace, Box 516, 
M/C 111-1041, SL Louis, MO 63166. Five copies of complete paper are due Oct. 15, 1993. 
TEL: (314) 233-4324 FAX: (314) 777-1328 
DATE: 19-23 June 1994 LOCATION: Lake Tahoe, NV ABST: 16 July 1993 
TITLE: ASME Fluids Engineering Division Summer Meeting: Symposium on Laser Anemometry: Advances 
and Applications 
INFO: Submit a four-page abstract to Dr. Thomas T. Huang, David Taylor Model Basin, Carderock 
Division, NSWC, Bethesda, MD 20084-5000 by 16 July 1993. Camera ready manuscripts due 1 
March 1994. 
TEL: (301) 277-1325 FAX: (301) 227-4589 
DATE: 26 June-1 July 1994 LOCATION: Seattle, Washington ABST: October 1993 
TITLE:TWELFTH U. S. NATIONAL CONGRESS OF APPLIED MECHANICS 
INFO: Albert Kobayashi, Mechanical Engineering Department, University of Washington. Seattle, WA 
98195 
TEL: 206/543-5488 FAX: 206/665-8047 EMAIL: kobayashI®u.washinflton.edu 
DATE: 18-21 July 1994 LOCATION: Southampton, UK ABST: 31 May 1993 
TITLE: Fifth International Conference on Recent Advances in Structural Dynamics 
INFO: Submit two copies of 500-word abstract to N.S. Ferguson, ISVR, Univ. of Southampton, 
Southampton S09 5NH, UK by Nov. 13 
TEL: (703) 592274 FAX: (703) 593939 
DATE: 12-16 September 1994 LOCATION: Genoa, Italy ABST: No Info. 
T I T L E : E J J R O M E C H 2nd European Solid Mechanics Conference 
INFO: Professor A. Del Grosso, Istituto di Scienza delle Costruzioni, Universita di Genova, Via Montallegro 
1 .M6U5 Geneva, Italy 
DATE: 19-23 September 1994 LOCATION: Cracow, Poland ABST: No Info 
TITLE: EUROMECH 2nd European Fluid Mechanics Conference 
INFO: Professor H. Zorski, Institute of Fundamental Technological Research, Polish Academy of Sciences, 
Swietokrzyska 21,00-049 Warsaw, Poland. 
ABST: No Info DATE: 13-18 November 1994 LOCATION: Chicago, Illinois 
TITLE: ASME WINTER ANNUAL MEETING 
INFO: ASME Meetings Department, 345 East 47th Street, New York, NV 10017 
TEL: 212/705-7795 FAX: 212/705-7674 
DATE: 13-18 November 1994 LOCATION: Chicago, Illinois ABST: 1 March 1994 
TITLE: SYMPOSIUM ON MATERIAL INSTABILITIES: ASME Winter Annual Meeting 
INFO: Send single spaced, one page on white 8 1/2" by 11 "bond paper with 1 1/4" margins on all four sides 
to; Prof. R. C. Batra, Department of Mechanical and Aerospace Engineering and Engineering 
Mechanics, University of Missouri-Rolla, Rolla, MO 65401-0249 
TEL: 314/341-4589 FAX: 314/341-4607 
CALL FOR PROPOSALS TO HOST A IUTAM SYMPOSIUM IN 1996 OR 1997. Send proposals 
to ProlBssor Philip G. Hodge, Jr., Secretary, USNC/TAM, 107 Akerman HaH, University of Minnesota, Minneapolis, 
MN 55455 by 24 January 1994. TEL: 612/625-8000. EMAIL: pohodge@vx.cis.umn.Bdo 
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